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Abstract 
This chapter proposes some estimators for the population variance of the variable 


under study, which make use of information regarding the population proportion 
possessing certain attribute. Under simple random sampling without replacement 
(SRSWOR) scheme, the mean squared error (MSE) up to the first order of approximation 
is derived. The results have been illustrated numerically by taking some empirical 
population considered in the literature. 


Keywords: Auxiliary attribute, exponential ratio-type estimates, simple random 
sampling, mean square error, efficiency. 


1. Introduction 
It is well known that the auxiliary information in the theory of sampling is used to 
increase the efficiency of estimator of population parameters. Out of many ratio, 
regression and product methods of estimation are good examples in this context. There 
exist situations when information is available in the form of attribute which is highly 
correlated with y. Taking into consideration the point biserial correlation coefficient 


between auxiliary attribute and study variable, several authors including Naik and 
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Gupta (1996), Jhajj et. al. (2006), Shabbir and Gupta (2007), Singh et. al. (2007, 2008) 
and Abd-Elfattah et. al. (2010) defined ratio estimators of population mean when the 
prior information of population proportion of units, possessing the same attribute is 


available. 


In many situations, the problem of estimating the population variance 0” of study 
variable y assumes importance. When the prior information on parameters of auxiliary 
variable(s) is available, Das and Tripathi (1978), Isaki (1983), Prasad and Singh (1990), 
Kadilar and Cingi (2006, 2007) and Singh et. al. (2007) have suggested various 
estimators of S%. 

In this chapter we have proposed family of estimators for the population variance 
S? when one of the variables is in the form of attribute. For main results we confine 


Mi 


ourselves to sampling scheme SRSWOR ignoring the finite population correction. 


2. The proposed estimators and their properties 


Following Isaki (1983), we propose a ratio estimator 
ty =s3 2 (2.1) 


Next we propose regression estimator for the population variance 


ty =sy +b(s2 -s3] (2.2) 


And following Singh et. al. (2009), we propose another estimator 
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t3 = a exp 5) 
So — So 


(2.3) 


where sy and S$ are unbiased estimator of population variances Sy and S5 


respectively and b is a constant, which makes the MSE of the estimator minimum. 
To obtain the bias and MSE, we write- 
2 2 2 2 

sy =Sy(1+e9), so =Sg(1+e1) 


Such that _ E(ey)=E(e,)=0 


and E(c2)= (40 =) E(c?)= (504 —1) 


n n 


_  Epq i 
where Snq “(ez uae) Lpg = NED 
20 Ho 


Mm Mm 
Bay) = = 9a and Bg) =— > = Sy 


2 
02 02 


Let Bay) = Bay) — 1 Boje) = Baja) — 1 and 8, = 8,4 —1 
P is the proportions of units in the population. 


Now the estimator t, defined in (2.1) can be written as 
(t, -S?)=S?(e, -e, +e? —e,¢,) (2.4) 


Similarly, the estimator ty can be written as 
(., -82}=s2eq —bSgey (2.5) 
And the estimator t3 can be written as 
ee Cy Spee we, 
(t, -si)=sif« ae. 4 (2.6) 


The MSE oft, t3 and variance of t> are given, respectively, as 
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S! * * * 
MSE(t,, ) = Bi, + B56) 20.5 (2.7) 


S: * B; x 
MSE(t p3 = = By a ra "S a (2.8) 


The variance of t,, is given as 


1 
V(t2)= +54 (40 —1)+0°S3 (og —1)-2083 83 (hon —1) 2.9) 


On differentiating (2.9) with respect to b and equating to zero we obtain 


S5 (5-1 
b= $,6x =I) (2.10) 
S. (5,, a 1) 
Substituting the optimum value of b in (2.9), we get the minimum variance of the 
estimator ty, as 
: sy * 35) Q2 2 
min V(t,)=~ Byjy|1-—-e— | = varlS? ht - Pie 52) (2.11) 
n Bay Bae) 


3. Adapted estimator 
We adapt the Shabbir and Gupta (2007) and Grover (2010) estimator, to the case when 


one of the variables is in the form of attribute and propose the estimator t, 


GF a2 
2: 
ty “has rhb § | (3.1) 
o TS 


where k, and k> are suitably chosen constants. 
Expressing equation (3.1) in terms of e’s and retaining only terms up to second degree of 


e’s, we have: 


ty = hi8$(t-+e0)~kasger]1~Sh+ 26 (3.2) 
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Up to first order of approximation, the mean square error of t4 is 


MSE(t4) = Blip= s2} 


=8'|(k, -1¥ +k?(B3(y)+B3(0)- 28, )+Ak,| 83, $8300) 


4 
+ Sk3AB5 (0 }+ 208382 (83 (0)-8;,)-S2 6368) (3.3) 
where, A = a 
n 


On partially differentiating (3.3) with respect to k;(i=1,2) we get optimum values ofk, 


and k» respectively as 


B> bc ) 


5 (o)(AA +1)—AB? — 


and 


s3[3(eNna +1)-an?—a{2-*p3(0) 

ner 282 (83 ()(AA +1)— AB? oe 
where, 

A=B;(y)+B3(o)—25;, and B=B;(o)—8;,. 


On substituting these optimum values of k; and kin (3.3), we get the minimum value 


of MSE of ty as 


Apn* 
si wseaye iw 


16 
MSE(t4) = SESS (3.6) 
2 
ean (aa 4) 1 MSE(t2) 
Sy 34 
y 
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4. Efficiency Comparison 
First we have compared the efficiency of proposed estimator under optimum condition 


with the usual estimator as - 


. . AS\3;, — MSE(t,) 
V|S )- MSE|S;)_ = —2 = 2 
Ss) | he Baw) 1 4 MSECt2) 


4 
Sy 


AB; is} mse. + se) 


16 
‘i + eet) 


+ 


> O always. (4.1) 
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Next we have compared the efficiency of proposed estimator under optimum condition 
with the ratio estimator as - 


From (2.1) and (3.6) we have 


A 5, MSE(t, ) 
MSE(t,)~MSE(?) = AS%) By) -—2+ =e 
B a(x) ar 
y 


AB; bf msec) rs see) 


16 
ic Me 


+ 


> O always. (4.2) 


4 
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Next we have compared the efficiency of proposed estimator under optimum condition 
with the exponential ratio estimator as - 


From (2.3) and (3.6) we have 
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5 8, MSE(t, ) 
2 4 
MSE(t,)~MSE($?) = As¢} JB.) 365 =| 2 MSEas 
Bote) 1+——*+ 
S4 
yi 


afa| msec. ©) 


16 
is MSE(t, } 


+ 


> Oalways. (4.3) 


4 
y 


Finally we have compared the efficiency of proposed estimator under optimum condition 
with the Regression estimator as - 


i wseeaye SHO 
MSE(t, )—MSE(t4) = WISER > always. 
ary jee) 
y Sy 
(4.4) 


5. Empirical study 
We have used the data given in Sukhatme and Sukhatme (1970), p. 256. 


Where, Y=Number of villages in the circle, and 
o Represent a circle consisting more than five villages. 


n N S° S° 40 ho4 Aro 
23 89 4.074 0.110 3.811 6.162 3.996 


The following table shows PRE of different estimator’s w. r. t. to usual estimator. 


Table 1: PRE of different estimators 


Estimators | t, t} to t3 ty 
PRE 100 141.898 262.187 254.274 296.016 
Conclusion 


Superiority of the proposed estimator is established theoretically by the 
universally true conditions derived in Sections 4. Results in Table 1 confirms this 


superiority numerically using the previously used data set. 
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